which causes damped terms. Here, the asymptotic behavior of nonoscillatory solutions of such general differential equations with deviating argument is studied and, more precisely, sufficient conditions which guarantee that
which is of special interest. Finally, some examples are given to illustrate the significance of the results.
In this paper we consider the nth order (n > 1) differential equation with deviating argument of the form (E) + a(t)F(x[σ(t)])=b(t), t^to
where the functions r, (i = 0,1, , n -1) are supposed positive at least on the interval [/ 0?°°) . The continuity of the functions involved in the above equation (E) as well as sufficient smoothness to guarantee the existence of solutions of (E) on an infinite subinterval of [ί 0 , °°) will be assumed without mention. In what follows the term "solution" is always used only for such solutions x(t) of (E) which are defined for all large t. The oscillatory character is considered in the usual sense, i.e. a continuous real-valued function which is defined on an interval of the form [T, <») 221 is called oscillatory if it has no last zero, and otherwise it is called nonoscillatory. Furthermore, the conditions (i) and (ii) below are assumed to hold throughout the paper:
(i) (ϋ) The results of this paper are included in a general theorem given in §2, which establishes sufficient conditions in order that all bounded nonoscillatory solutions x(t) of the differential equation (E) tend to zero as ί -> oo. This theorem extends a recent result given by the authors in [9, Theorem 3] concerning also the equation (E). Also, it unifies and extends two results by Kusano and Onose [5, Theorems 3 and 4] concerning, in particular, the differential equation
where 1 ^ N ^ n -1 and the function r is continuous and positive at least on the interval [ί 0 , °°). The technique used in the proof of our theorem is based on three lemmas which are given in §1. Lemma 1 is fundamental and has been proved by the authors in [9], Lemma 2 is proved here and it is an extension of a result due to Hardy and Littlewood [4] , while Lemma 3 is new and it is rather technical.
In §3 our main theorem is specialized for the differential equation (D N ), which is obtained from the equation (E) by setting η = 1 for V n -N and r n _ N = r and which is of special interest. Thus, four corollaries are obtained, from which Corollary 1 is the main result of a recent paper by Kusano and Onose [5] while Corollaries 2, 3 and 4 are new and are illustrated by examples. h is defined as a continuous function on /, then h is said to be m -times continuously q-differentiable.
Preliminaries. Let
We note that in the case where q () = q ] = = q m = 1 the above notion of g-differentiability specializes to the usual one.
By using this shorthand notation, the differential equation (E) can be written
where r n = 1. Now, let p be a real-valued function which is defined and positive at least on the interval (ί 0 , °°) and let R t (i = 0,1, , n) be the functions defined as follows: For some interesting examples of functions of the above type we refer to [9] . The technique used here is based on the following lemma, which has been proved by the authors in [9] . LEMMA 
n order to obtain our results we need further the following lemma which is an extension of a result due to Hardy and Littlewood [4] . 
Moreover, let h be an m-times continuously q-differentiate function on
IfDfh is bounded on [7» and
The above lemma follows immediately from the following proposition, which in the particular case q 0 -q\ = * = q m = 1 is an improved version of a result due to Landau [6] (cf. also Coppel [2, p. 140] ). 
Indeed, (2) is valid for / = 0, since
We suppose that (2) is satisfied for j = /, 0 g / < m -1, i.e.
|(D£ 0 fc)(0l^#/ for every tEL For this / we have that
which, by the definition of S, is obvious for / < m -2 and follows from the inequality
when / = m -2. Since, by (1) when, by subtraction, we get 
/
Hence, by the definition of S, we have that for every t E /
Finally, for our purpose we need one more lemma. Proof. Since the lemma is obvious for λ = 0, we suppose that λ > 0. For any integers i and /, 0 ^ i ^ / ^ λ, and for every u and v with υ ^ M ^ T, we define 
Moreover, let h be a λ-times continuously q-differentiable function on the interval [T,o°). Then we have: (a) If
liminf (D< A) /i)(0>0 or limsup (D ( q x) h)(t)<0 t
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Then, taking into account condition (I), we have that for every T* S Γ, lim Q iy (r;Γ*) = ^ (0ii</gλ)
t-»Q0
and consequently, by LΉospitaΓs rule, and hence, by virtue of (5) and (6) (β) For any arbitrary e >0, we consider a T* > T so that
\(D\ k) h)(t)\ < β for every t ^ T\
when from the formula (7) we obtain , for every t ^ Γ*. Thus, by (5) and (6), we have and, since e is arbitrary, which, by condition (III), gives limΛ(0 = 0.
The main result. Our main theorem establishes conditions which essentially guarantee that lim x(t) = O
for the bounded nonoscillatory solutions x of the equation (E). Proof. Let x be a bounded nonoscillatory solution of (E). Without loss of generality, we assume that x is a solution on the whole interval [ί o ,°°). Moreover, this solution is supposed positive on [ί 0 , ^O, since the substitution u = -x transforms (E) into an equation of the same form satisfying the assumptions of the theorem.
THEOREM. Consider the differential equation (E) subject to the conditions (i), (ii) and
If, by (i), T > t 0 is chosen so that for every t ^ T then from equation ( 
/->00
Indeed, in the opposite case we have
Thus, because of conditions (iv) and (v), we can apply Lemma 3(a) for h = (D\ m~ι) x)\ λ = k -m and q } = r m+j (j = 0,1, , λ), when we obtain 
-»oo
Thus, it remains to prove that
To do this, we first observe that
Indeed, in the opposite case for some positive constant d x and for every t ^ t 0 we have and consequently, by (iii), which contradicts (9) . To complete the proof of (12), we have verify that
Indeed, in the opposite case we have for some positive constant K. Hence, on account of (13) and based on the arguments of Hammett [3] (cf. also Singh [7, 8] and Staikos and Philos [9] ), we derive that there exist three sequences («"), (β u ) and (γ v ) with = °° and such that for every v = 1,2,
(Df>x)[σ(y v )]>K (D^x)[σ(t)] >y for every t E (α w β v ).
By mean-value theorem, we have and consequently
where obviously lim ξ v = oo. But, because of (10), (11) and consequently, by (iii),
We have thus proved that the bounded function x ° σ has a positive lower bound on the set U"=i'[α w j3 p ]. Hence, because of (ii), we have
where the constant M is positive. Obviously,
Γ p(t)a%t)F(x[σ(t)})dt ^ ± Γ p(t)a*{t)F(x[σ(t)])dt
But, by virtue of (14) and condition (C 2 ), we have x)(t)= ±oo, which contradicts (9).
3.
Applications. We shall give now some interesting applications of our main result for the particular case r ] = 1 for jj£ n -N and r n _ N = r, where N is an integer with 1 ^ JV ^ n -1. More precisely, we shall derive some corollaries concerning the differential equation Proof. It follows from our theorem, by taking the same function p as in the proof of Corollary 1, m = n -1 -k > n -N and n -1 -k in place of k. 
